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(54) Transmit diversity wireless communication 

(57) A method of transmitting data from a transmitter 
(13, 24) to a remote receiver (14, 28) using transmit di- 
versity wireless communication, the transmitter (1 3, 24) 
comprising a plurality of transmit antenna elements (1, 
2, 3, 4). The data is encoded in symbol blocks (12), the 
symbols {Sp S2. S3, S4) of a block (12) being permuted 
between the transmit antenna elements (1 , 2, 3, 4) over 
time with respective replications and complex conjuga- 



tions and/or negations. The transmitter (13, 24) com- 
prises at least three of said transmit antenna elements 
(1 , 2, 3, 4) and the signals transmitted over at least one 
of the transmit antenna elements ( 1 . 2, 3, 4) are modified 
as a function of channel Information at least approxi- 
mately related to the channel transfer function (hp 
h 3, and h^) of the transmitted signals, so that the re- 
ceived signal is detectable at the receiver (14, 28) using 
an orthogonal detection matrix scheme. 




Prtnted by Jouve, 75001 PARIS (FR) 



EP 1 284 545 A1 



Description 

Field of the invention 

s [0001] This invention relates to transmission of data by transmit diversity wireless communication. 
Background of the invention 

[0002] Wireless communication systems are assuming ever-increasing importance for the transmission of data, 
10 which is to be understood in its largest sense as covering speech or other sounds and images, for example, as well 
as abstract digital signals. 

[0003] Currently proposed standards for wireless communication systems between a stationary base station and a 
number of remote (mobile or immobile) stations include the 3GPP (3^^ generation Partnership Project) and 3GPP2 
standards, which use Frequency Division Duplex ('FDD') or Time Division Duplex (TDD') and Code Division Multiple 

15 Access ('CDMA'). The HIPERLAN and HIPERLAN2 local area network standards of the European Telecommunications 
Standards Institute ('ETSI'), use Time Division Duplex (TDD') and Orthogonal Frequency Division Multiplex ('OFDM'). 
The International Telecommunications Union ('ITU') IMT-2000 standards also use various multiplex techniques of these 
kinds. The present invention is applicable to systems of these kinds and other wireless communication systems. 
[0004] In order to improve the communication capacity of the systems while reducing the sensitivity of the systems 

20 to noise and interference and limiting the power of the transmissions, various techniques are used separately or in 
combination, including space diversity, where the same data is transmitted over different physical paths interleaved in 
time, in particular over different transmit and/or receive antenna elements, and frequency spreading where the same 
data is spread over different channels distinguished by their sub-carrier frequency 

[0005] At the receiver, the detection of the symbols is performed utilising knowledge of the complex channel atten- 
ds uation and phase shifts: the Channel State Information ('CSI'). The Channel State Information is obtained at the receiver 
by measuring the value of pilot signals transmitted together with the data from the transmitter. The knowledge of the 
channel enables the received signals to be processed jointly according to the Maximum Ratio Combining technique, 
in which the received signal is multiplied by the Hermitian transpose of the estimated channel transfer matrix. 
[0006] Two broad ways of managing the transmit diversity have been categorised as 'closed loop' and 'open loop'. 
30 [0007] Two closed loop methods are described in the paper entitled 'Transmit adaptive array without user-specific 
pilot for 3G CDMA" by B. Raghothaman etal., that appeared in the IEEE Transactions 2000. In the systems described 
in this paper, the signals transmitted over the different transmit antenna elements of the base station are weighted 
according to relative weights calculated at the receiver from Channel State Information and retransmitted to the trans- 
mitter. In one system referred to, pilots specific to each user are transmitted in addition to the pilots for each transmit 
35 antenna element that are common to all users, which penalises the communication capacity of the system. In another 
system disclosed in the paper, user-specific pilots are avoided by re-modulating the detected signals using the meas- 
ured Channel State Information and the calculated weights and using the re-modulated signals to correct errors in 
feedback; this imposes a heavy computational load on the receiver and the result is only reliable if the channel state 
estimation is sufficiently correlated with the actual channel state to avoid a high detection error rate. 
40 [0008] In pure 'open loop' methods, no Channel State Information is fed back to the transmitter. In such systems, 
the transmitter comprises a plurality of transmit antenna elements; the data is encoded in symbol blocks, the symbols 
of a block being permuted between the transmit antenna elements over time with respective replications and complex 
conjugations and/or negations. The complexity of the receiver depends on the properties of the matrix that defines this 
space-time block code; in particular detection is performed with a low cost in terms of simplicity of the receiver com- 
45 putations if this matrix is an orthogonal one. 

[0009] An open loop system using an orthogonal detection matrix is described in International Patent Application 
Publication N** WO 99/14871 Alamouti. In this system, the symbols of a block transmitted are permuted between the 
transmit antenna elements over time with respective replications and complex conjugations and/or negations according 
to a scheme, known as the 'Alamouti code', such that the received signal Is detectable at the receiver using an orthog- 
50 onal detection matrix scheme. 

[0010] The performance of the code is mainly based on the diversity order of the code. This diversity order charac- 
terizes the number of transmit and receive antennas which is actually seen by the code. For a given number of receive 
antenna elements, the more transmit antenna elements are used the more improvement is obtained in terms of fading 
and interference is obtained. However, the paper entitled "Space-Time Block Codes from Orthogonal Designs" by V. 
55 Tarokh et al. that appeared in IEEE Transactions on IT, vol. 45, July 1999, states that an orthogonal detection code 
matrix can not be used if the transmitter comprises more than two transmit antenna elements with full diversity without 
sacrificing the coding rate, that is to say the useful data rate for the user. They propose coding rates of for three to 
eight transmit antenna elements or % for three or four transmit antenna elements. 
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[0011] Patent specification WO 00/51265, Whinnett e/a/.. assigned to Motorola, describes another transmit diversity 
system, in which code rate Is maintained for arrays of more than two transmit antenna elements but at the expense ol 
sub-optimal transmit diversity. 

[001 2] Another transmit diversity scheme (ABBA code) is described for more than two transmit antenna elements in 
5 the paper entitled "Minimal Non-Orthogonality Rate 1 Space-time Block Code for 3-f Tx Antennas' by O. Tlrkkonen et 
al. IEEE 6^ Int Symp. On Spread-Spectrum Tech. & Appll., NJIT. pp. 429-432. Sept 2000. This coding rate 1 scheme 
is derived from the permutation of two Alamouti codes as described by the code matrix 



10 




15 It is stated that the ABBA code provides full spatial diversity to the detriment of the orthogonality of the detection matrix, 
which implies that the computational cost of the detection step is Increased compared to an orthogonal scheme. In 
addition the performance of the ideal code Is not fully achieved by the ABBA code due to the interference terms of the 
detection matrix. 

[001 3] Other compromises are proposed In a paper presented by H. Jafarkhani to the IEEE Wireless Communications 
20 and Networking Conference in September 2000 with non-orthogonal detection matrices that are stated not to achieve 
simultaneously the optimum diversity and transmission rate, two encoding schemes proposed being of the kind de- 
scribed by the code matrices 




and 



\^ "1. 



[001 4] Yet another compromise Is described in the paper "A randomisation technique for non-orthogonat space-time 
code blocks" by A Hottinen etal. appearing in IEEE VTC 2001 . However, this system still does not employ an orthogonal 
detection matrix with full diversity for more than two transmit antenna elements. 
40 [0015] Still another compromise is described In the paper "A space-time coding approach for systems employing 
four transmit antennas" by C. B. Papadias etal. presented at an IEEE conference in 2001 and that proposes an encoding 
scheme of the kind 
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This scheme also uses a non-orthogonal detection matrix that does not achieve simultaneously the optimum diversity 
and transmission rate. 

55 Summary of the invention 

[0016] One aspect of the present Invention provides a method of transmitting data from a transmitter to a remote 
receiver using transmit diversity wireless communication as claimed in any of claims 1 to 1 6. 
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[001 7] Another aspect of the present invention provides a system for transmitting data by a transmit diversity wireless 
communication method as claimed in claims 1 7 to 20. 

[0018] Yet another aspect of the present invention provides a transmitter for transmitting data to a remote receiver 
by transmit diversity wireless communication as claimed in any of claims 21 to 23. 
5 [0019] Still another aspect of the present invention provides a receiver for receiving data transmitted by a remote 
transmitter by transmit diversity wireless communication as claimed in any of claims 24 to 26. 

Brief description of the drawings 

10 [0020] 

Figure 1 is a schematic diagram of a system for transmitting data by transmit diversity wireless communication in 
accordance with an embodiment of the invention, 

15 Figure 2 is a schematic diagram of a system in accordance with Figure 1 applied to a time division duplex (TDD), 

orthogonal frequency division multiplex (OFDM) system, and 

Figure 3 is a schematic diagram of a system in accordance with Figure 1 applied to a frequency division duplex 
(FDD), code division multiple access (CDMA) system 

20 

Detailed description of the preferred embodiments 

[0021] Figure 1 shows a first embodiment of a system for transmitting data by a transmit diversity wireless commu- 
nication network, the system comprising a first station that will be described as the transmitter side (with primary ref- 
25 erence to its transmission function) and a second station that will be described as the receiver side (with primary 
.reference to its reception function). In the present case, the first station and the second station are both capable of 
both transmission and reception and, moreover, the same antenna elements are used both for transmission and re- 
ception In the preferred embodiment of the invention. 

[0022] The transmitter side comprises four transmit antenna elements, 1 , 2, 3. 4. The receiver side of the system 
30 comprises an array 5 of M receive antenna elements. The number of antenna elements 5 on the receiver side Is chosen 
on the basis of economical considerations to provide increased channel diversity; in the case of mobile telephony, a 
single base station serves many hundreds or even thousands of mobile units and it is therefore more economical to 
add antenna elements to the base station than to the mobile units. In the case of a local area network ('LAN'), for 
example, the cost of the remote stations is less critical and a higher number of antennas will be chosen on the receiver 
35 side. 

[0023] Each transmit antenna element 1 to 4 transmits over a variety of paths to each of the receive antenna elements 
5. Thus, considering the m*^ receive antenna element out of a total of M, each of the transmit antenna elements 1 to 
4 transmits to the receive antenna element m over a variety of paths due to multiple reflections and scattering, which 
introduce complex multi-path fading; however, for simplification, the processing of the signals at the receiver is de- 

40 scribed and illustrated as if they were subject to flat fading (equivalent to transmission over a single path with no inter- 
path interference) that can be represented by a complex channel transfer coefficient h^^ to Aj^^. 
[0024] In operation, symbols s-,, S2, S4 are derived from the data to be transmitted and applied to the transmit 
antennas 1 , 2, 3 and 4. The receiver side of the system comprises a detector 6 which receives signals from the receive 
antenna element array 5 and detects the symbols to S4 from the receive antenna elements. 

^5 [0025] On the transmit side of the system, a channel state information unit extracts weights Wp and 1V4 that 

are. in general terms, a complex function of the channel transfer coefficients /),, h2, h 3,and h4 for each of the transmit 
antenna elements 1, 2, 3, 4. Before transmission, the signal to be transmitted from each of the antenna elements 1 to 
4 is multiplied by the respective weight to W4. The weight is again a complex coefficient, which is a function of the 
transfer channel coefficient and hence the signal may be modified in phase and/or amplitude as a function of the 

50 channel state information. 

[0026] The data symbols to be transmitted are encoded in symbol blocks and the symbols are permuted over time 
within each block between the transmit antenna elements 1 to 4 with respective replications and complex conjugations 
and/or negations, so that the received signal is detectable at the receiver side using an orthogonal detection matrix 
scheme. The encoding scheme matrix for the symbol blocks is shown at 8 In Figure 1 . 

55 [0027] The symbols to S4 are permuted over the transmit antenna elements a number of times which is a power 
of 2. the power being greater than or equal to 2, the block comprising four permutations in the present case. It is also 
possible for the transmitter to include three antenna elements, the block of symbols preferably comprising four permu- 
tations In this case also. A higher numt}er of permutations may also be utilised but will prolong the symkx)! block trans- 
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mission, 

[0028] As shown in Figure 1. the symbols within each block are permuted in pairs within respective subsets of the 
symt>ols and transmitted over corresponding subsets of the transmit antenna elements 1 to 4, the subsets of symbols 
subsequently being pemiuted between the subsets of the transmit antenna elements. Thus, as shown in Figure 1. 

5 symbols Sp S2 are transmitted initially over transmit antenna elements 1 , 2 and symbols Sq, $4 are transmitted initially 
over transmit antenna elements 3, 4. In the next step, the negation and conjugation of the symbol is transmitted 
over the transmit antenna element 1 and the conjugation of the symbol Is transmitted over the transmit antenna 
element 2, the negation and conjugation of the symbol S4 being transmitted over the transmit antenna element 3 and 
the conjugation of the symbol S3 being transmitted over the transmit antenna element 4. It will be understood that the 

10 symbols Sj and and their negations and/or their conjugations constitute a first subset of symbols that is transmitted 
over the subset of transmit antenna elements 1 and 2 with permutations and the symbols S3 and S4 with their negations 
and/or conjugations are transmitted over the subset of transmit antenna elements 3 and 4 with permutations. In the 
next step, the subset including symbols S3 and $4 is transmitted over the subset of transmit antenna elements 1 and 
2 with permutations while the subset of symbols Sf, S2 is transmitted over the subset of transmit antenna elements 3 

15 and 4 with permutations. 

[0029] This encoding scheme is a scheme of the kind ABBA. This embodiment of the present invention enables this 
encoding scheme to be decoded by an orthogonal detection matrix scheme at the receiver. It is also possible for other 
encoding schemes of analogous nature to be decoded using an orthogonal detection matrix scheme, for instance 
ABB*-A*, or AB-B*A*. Moreover, the space-time code has an overall coding rate of one (that is to say that the data 

20 rate is as high as in a single antenna case) and the system derives full benefit from the spatial diversity of the multiple 
transmit and receive antenna elements at the transmitter and receiver. The fact that the detection scheme uses an 
orthogonal matrix enables the detection to be performed with low computational cost. Interference terms that would 
be present with a non-orthogonal detection matrix scheme are substantially cancelled out by the application of the 
weights to W4 to the signals transmitted as a function of the estimated channel transfer functions. 

25 [0030] The signal received by the m*'^ antenna over four time instants within the symbol block can be written as 
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Equation 1 
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45 



50 



Where y^^, to 4 represent the signals received from the transmit antenna elements 1 to 4 respectively, 
represents the matrix obtained by multiplying the channel transfer functions by the corresponding weights applied to 
the transmit antenna elements, S represents the symbols to S4 transmitted from the transmit antenna elements 1 
to 4 respectively, Z?^ , to ^ represent the noise and interference at the m^*^ receive antenna element and Bf^ represents 
the received noise matrix. In this equation, the minus sign represents the negation of the corresponding value and the 
asterisk sign represents the conjugate of the value. 

[0031] These multiple received signals are processed at the receiver according to the Maximum Ratio Combining 
technique. That is to say. the received pilot signals for each transmit antenna element are measured in order to estimate 
the channel )fansfer coefficients A?;^ to 114^ and the weights applied at the transmitter side to W4 and the Hermitian 
transposes of the estimated channel transfer coefficient matrices for each receive antenna ejipment m are calcu- 
lated. The received symbol blocks are multiplied by the corresponding Hermitian transposes and the resulting 
multiplied signals are summed over the antennas, and we finally get a new signal Z such that 



55 



Equation 2 



[0032] Provided that the channel estimation is sufficently accurate and the weights actually applied to the signals to 
be transmitted also correspond accurately to the calculated weights, the resulting detection matrix 
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5 

corresponds with a sufficient degree of approximation to the detection matrix of the ideal orthogonal rate 1 code scheme 
for proper detection of the data, that is to say 



10 



15 



A 0 0 0 

0 A 0 0 

0 0 A 0 

0 0 0 A 



where A = XXI^. 
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Equation 3 



Wial 11=1 



If the transmit weights satisfy at least approximately the following relation: 



20 



{M Af 1 



Equation 4 



wher^ hf^^ is the channel transfer coefficient of the channel between the n^ transmit antenna element and the m*^ 
25 receive antenna element, Is the weight applied to the signal of the n^ transmit antenna element and SR represents 
the real part of the value on which it operates. 

[0033] Due to the orthogonality of the code scheme, the detection step can then be performed with a low computa- 
tional cost. 

[0034] Several sets of transmit weights may be used to solve this equation in accordance with this embodiment of 
30 the present invention. One example consists in choosing the four weights such that 

IV, =1 



40 



W3 = exp 



j angld ^K^lH^ 
y L K'^-^ 



45 



=exp^j|^angle|^5^/i,„A;„ +7r/2^ 



50 [0035] With this choice of weights, it is sufficient for the transmitting side to obtain phase information for the weighting 
operation on two out of the four transmit antenna elements, which reduces the amount of feedback information to be 
transmitted from the receiver side if the channel state information is measured at the receiver side, for example. 
[0036] The detection scheme for three emitting antennas can easily be derived from this four antenna coding scheme. 
Four complex symbols are transmitted from three antennas over four time instants, for instance by tuming off the 4^ 

55 antenna, which corresponds to set 7)4^ = 0 in the previous equations. In this case the overall space-time scheme is an 
orthogonal one if and only if the transmit weights satisfy: 
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Equation 6 



for instance by choosing 



10 



= ©2 = 1 



and 



IS 



w, = W2 = 1 and W3 = exp 



Equation 7 



20 



25 



[0037] With this choice of weights, it is sufficient for the transmitting side to obtain phase information the weighting 
operation on one only out of the three transmit antenna elements. 

[0038] The above conditions for the weighting scheme to enable decoding by an orthogonal detection matrix are 
applicable to an encoding scheme of the kind 'ABBA', that is to say where sub-sets A and B of symbols Sp S2 and s^, 
$4 and conjugated symbols Sy*, S2*and S3*, s^* and/or negated conjugated symbols -s^*, -S2* and -s^*, -S4* symbols 
are permuted over time between sub-sets 1 , 2 and 3, 4 of antenna elements without negation nor conjugation of the 
symbol sub-sets, according to the matrix 



30 



[0039] Other encoding schemes may be utilised of the form 



35 



'A 5 1 



40 or 



45 



A B 
B* A* 



or 



&3 bl -b^ -b\ 



b, -b\ 



so 



In the absence of weighting before transmission, these encoding schemes would leave interference terms that would 
require a detection matrix 



55 



that Is non-orthogonal. 
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In order to be able to detect the signals using an orthogonal detection matrix, in accordance with another embodiment 
of the present invention the weightings applied to the signals to be transmitted are derived such that 



Equation 8. 
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[0040] In a preferred realisation of this embodiment, 

w, =exp|^;x|^angle|2/i^Al| + ;r/2 
=exp^yx|^angle|]^ft^ft;„J + ;r/2 

[0041] In accordance with yet other embodiment of the present invention, in equation 8, 



Equation 9 



m M 
in=l 



= 0 



Equation 10 



where 3 represents the imaginary part of the value it operates and the scheme is decodable using an orthogonal 
detection matrix. 
[0042] Preferably. 



>v„ = >v^ = 1 



=exp 



= exp 



;xangle|2Jft^„/i;;„| 



Equation 1 1 



[0043] Figure 2 shows the application of a system in accordance with Figure 1 to a time division duplex (TDD) system 
based on orthogonal frequency division multiplexing (OFDM) modulation, as specified for example in the Hiperlan/2 
standard of the ETSI but modified to include the space-time transmit diversity system of the embodiment of the present 
50 invention shown in Figure 1 . The embodiment of the invention shown in Figure 2 has four transmit aerials at the base 
station, but it is also possible for the base station to have three transmit aerials. The base station of the system is 
shown at 13 and one of a number of subscriber units is shown at 14. 

[0044] At the base station 13, data Is input to the encoder 15 where it is encoded to include error correction infor- 
mation. The resulting data train is supplied to a data-mapping and block coding unit that forms the data train into 
55 symbols and performs the negation and conjugation operations to produce the symbol blocks according to the encoding 
scheme 12. The data from the mapping and block coding unit 16 is supplied to the multipliers 8, 9, 10 and 11 where, 
for each sub-carrier of frequency f, it is multiplied by respective complex weighting coefficients w,^to and applied 
to respective elements of an array of OFDM modulation units that feed the transmit antennas 1 to 4. It is also possible 
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to apply interleaving of the data after the encoder 15. 

[0045] Pilot signals are included in the transmitted signals for each transmit antenna element, without weighting, to 
enable estimation of the downlink channels. A permutation signal is also added that is indicative of the number of 
permutations in a symbol block. For example, especially during deployment of the present invention, there may be a 
5 mix of base stations with only two transmit antenna elements and therefore two permutations per symbol block and 
base stations in accordance with the present invention with more than two transmit antenna elements and therefore 
more than two permutations per symbol block. The permutation signal takes a distinctive value, at least in the latter 
case, to enable the receiver to adapt the number of permutations performed in detecting the signal to the number made 
in the transmitted signal. 

10 [0046] The channel state information is calculated in the calculator 7 at the base station from a similar pilot signal 
included in the uplink transmissions from the respective subscriber unit 14 and received at the base station over the 
antenna elements 1 . 2, 3 and 4 and detected by the receiver unit 1 4 of the base station; since the system is a time 
division duplex system with the same carrier frequencies used for the downlink and the uplink, the measurements 
made on the uplink pilot are considered to be a sufficient approximation to the state of the downlink signal. 

15 [0047] At the subscriber unit 14, the transmitted signals are received over the array of receive antenna elements 5, 
which are also used for transmission of signals back to the base station. The received signals are demodulated in 
respective OFDM channel demodulators 18. The channel transfer coefficients are estimated by an array of channel 
estimators 19 from the downlink pilot signal and applied to respective receiver elements of an array 20, together with 
the permutation signal that Indicates the number of permut^ions to be performed in detecting the symbols. The receiver 

20 elements of array 20 calculates the Hermitian transform of the channel transfer matrix, which it uses to multiply 
the received signals in the array of receivers 20. 

[0048] The processed signals from the array of receivers 20 are applied to the maximum ratio combination summer 
21 that adds the signals from the receiver array 20 over the antenna elements 5. Because of the transmit weights W| 
to applied at the transmitter, the detection matrix scheme is an orthogonal matrix. The signal from the maximum 

25 ratio combiner 21 is passed to a matrix computation unit 22 that recovers the digital signal train from the symbol blocks. 
The digital signal train is passed to a decoder 23 that applies the error correction process and recovers the data. 
[0049] The system described with reference to Figure 2 is a time division duplex system utilising orthogonal frequency 
division multiplexing. This enables the weighting of the transmit channels to be calculated at the base station using 
measurement of a pilot signal In the uplink signal transmitted from the subscriber station as an approximation for the 

30 channel state information of the downlink signal transmitted from the base station. Since the same antenna elements 
both at the base station and at the subscriber station are used for reception and transmission, this approximation is 
valid, and, indeed, the approximation is also valid in certain circumstances even where the antenna elements used for 
transmission and reception are not identical for the uplink and downlink. 

[0050] The system shown in Figure 3 is a frequency division duplex system based on the CDMA (code division 
35 multiple access) standards with a modification to provide some feedback information from the mobile units to the base 
station to provide some channel state information concerning the downlink signal. Such a system is compatible with 
the 3GPP or 3GPP2 standard if an adaptation to the standard were introduced to accommodate the channel state 
information fed back from the mobile unit to the base station. 

[0051] Referring now to Figure 3 in more detail, the base station comprises a transmitter part shown generally at 24 
40 and a receiver part 25. Input data, together with a pilot signal and a permutation signal indicative of the number of 
permutations made during the space-time transmit diversity permutations is applied to the encoder 15. The encoder 
15 includes error correction data and the resulting signal is applied to the data mapping and block coding unit 16 that 
assembles the train of digital data into symbol blocks with permutations, negations and conjugations according to the 
encoding scheme. Multipliers 8 to 11 then multiply the data signals by respective weights for the respective antenna 
45 elements 1 , 2, 3 and 4. In accordance with the CDMA specifications, the signals are spread over different frequency 
sub-carrier bands before transmission by an array of spreaders 26. 

[0052] In the present embodiment of the invention, the channel state information is calculated at the mobile unit and 
transmitted back to the base station on the uplink over the same antenna elements as used for the downlink. In the 
preferred embodiment, the parameters as in equations 9 or 10 for the weights to 1V4 to be applied to the multipliers 

50 8 to 11 are calculated at the mobile unit and transmitted on the uplink to the base station, as this reduces the amount 
of feedback information passing over the communication link, being only a phase information for the weights Wg and 
W4 (vvsonly in the case of three transmit antenna elements), the weights and ly^ being constant values. The signals 
received at the base station antenna elements 1 to 4 are decoded in the receiver part 25 of the base station. The 
weighting information signal is extracted by a detector 27 and supplied to the channel state calculator 7 to calculate 

55 the weights applied to the multipliers 8 to 11 . 

[0053] The mobile unit comprises a receiver part indicated generally at 28 and a transmitter part 29. At the mobile 
unit, the signals transmitted are received on the antenna element array 5 and applied to a corresponding array of 
despreaders 30 that supply the base band signals to the array of receiver channel transfer function estimators at the 
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mobile unit and to an array of receivers 31 , each "finger" or signal received over a different transmission path being 
detected separately and the fingers being reassembled. The channel state information Is calculated from a pilot signal 
transmitted by the base station. The channel state information is supplied on one hand to the mobile unit transmitter 
part 29 for retransmission to the base station in the uplink signal (which Is at a different frequency from the downlink 

5 signal) and to the array of receiver elements 31 . 

[0054] T^e receiver elements multiply the signals from the despreader array 30 by the coefficients of the Hermitlan 
transf omn of the channel transfer matrix obtained by permutation, transposition negation and conjugation operations 
on the channel state information signals, the number of permutations being defined by the received permutation signal. 
The resulting signals from each receiver antenna element are then summed over all fingers in an array of maximum 

to ratio combiners 32 and further summed in a maximum ratio combiner 21 over the different antenna elements. Once 
again, the application of the transmit weights corresponding to equation 4 ensures that the detection matrix is an 
orthogonal matrix that enables the calculations to be greatly simplified. The symbols from the maximum ratio combiner 
21 are applied to the matrix computation unit 22 and converted to a chain of digital signals and the decoder 23 detects 
and recovers the data with error detection. 

75 [0055] In a preferred embodiment of this type of system, the transmitter part 29 of the mobile unit is similar to the 
transmitter part 24 of the base station in operation, and the receiver part 25 of the base station is similar to the receiver 
part 28 of the mobile unit. Adaptations are of course made to the number of antenna elements in the array 5 at the 
subscriber station, in this way, advantage is taken of the space-time transmit diversity performance of the present 
invention on the uplink from the subscriber unit to the base station as well as on the downlink from the base station to 

20 the mobile unit. 

[0056] In another embodiment of the invention, the number of antenna elements applied at the mobile unit is reduced, 
for example to two antenna elements, with a view to reducing to the cost of the mobile unit. In this case, the spatial 
diversity is. of course, reduced compared to a system with four transmit antennas in the array 5. 

25 

Claims 

1. A method of transmitting data from a transmitter (13, 24) to a remote receiver (14, 28) using transmit diversity 
wireless communication, said transmitter comprising a plurality of transmit antenna elements (1 , 2, 3, 4), the method 

30 comprising encoding said data In symbol blocks (12), the symbols (s^ . Sq, S4) of a block being permuted between 

said transmit antenna elements (1 , 2. 3, 4) over time with respective replications and complex conjugations and/ 
or negations, 

characterised in that said transmitter (13, 24) comprises at least three of said transmit antenna elements (1 , 2, 
3. 4) and said method comprises modifying signals to be transmitted over at least one of said transmit antenna 
35 elements (1 , 2, 3, 4) as a function of channel information at least approximately related to the channel transfer 

function of the transmitted signals (hp h^an6 h^, so that the received signal is detectable at the receiver using 
an orthogonal detection matrix scheme. 

2. A method as claimed In claim 1 , characterised in that said signals transmitted over said transmit antenna elements 
^ (1,2, 3, 4) are modified in phase as a function of said channel Information. 

3. A method as claimed in claim 1 or 2, characterised In that said channel information is a function of signals received 
at said receiver (14, 28) from said transmitter (13, 24) and is transmitted from said receiver to said transmitter. 

45 4. A method as claimed In claim 1 or 2, wherein said receiver (1 4, 28) additionally comprises transmitting means (1 3, 
29) for transmitting signals over channels similar to the transmit channels of said transmitter (13, 24), and said 
transmitter (13, 24) additionally comprises receiving means (14, 25) including said transmit antenna elements (1 , 
2, 3, 4) for receiving signals transmitted from said transmitting means (1 3, 29), characterised In that said channel 
information is calculated at said transmitter (13, 24) as a function of the channel transfer function of signals trans- 

50 mitted from said transmitting means (13, 29) to said receiving means (14, 25). 

5. A method as claimed in any preceding claim, characterised in that said symbols (Sp s^, S3, are permuted 
over time within said block (12) between the transmit antenna elements (1 , 2. 3. 4) a number of times equal to a 
power of two, which power is greater than or equal to two. 

55 

6. A method as claimed in claim 4, characterised In that said transmitter (13, 24) comprises three or four of said 
transmit antenna elements (1, 2, 3, 4) and said symbols (s,, s^, s^, S4) are permuted over time within said block 
(12) four times between the transmit antenna elements (1 , 2, 3, 4). 
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A method as ciaimed in any preceding claim, characterised In that pairs of symbols (Sj. s^; S4) within said 
block (12) are permuted over time within respective sub-sets of symbols and permuted symbols between the 
transmit antenna elements (1 , 2; 3, 4) of respective sub-sets of transmit antenna elements and said sub-sets of 
symbols and permuted symbols are permuted over time between said sub-sets of transmit antenna elements. 

A method as claimed in claim 7, characterised in that said sub-sets of symbols and permuted symbols are per- 
muted over time between said sub-sets of transmit antenna elements (1 , 2, 3, 4) without conjugation or negation 
and said signals transmitted over at least one of said transmit antenna elements (1 , 2. 3. 4) are modified so as to 
satisfy at least approximately the equation 



{M M 



= 0 



where the complex numbers h A)^^* ^3m ^4m represent the actual channel transfer functions over the transmit 
antenna elements (1, 2, 3, and 4) and the m^ receiver transmit antenna element, the complex numbers iv,, Wg, 
W3 and 1V4 represent the modifications applied to the signals at the transmit antenna elements (1 , 2, 3, and 4), 
represents the complex conjugate of the number x and the operator represents the real part of a complex value. 

A method as claimed in claim 7, characterised in that said signals transmitted over at least one of said transmit 
antenna elements (1 , 2, 3. 4) are modified so as to satisfy at least approximately the equation 



25 



f A* 
{mil 



/VI 



,>v,|=0 



30 



or the equation 



35 



qtn q St 



40 



where the complex number represents the actual channel transfer function over the rrth transmit antenna 
element and the mth receiver transmit antenna element, the complex number represents the modification ap- 
plied to the signals at the rrth transmit antenna element, x* represents the complex conjugate of the number x, 91 
represents the real part of a complex value ands represents the imaginary part of a complex value. 



45 



50 



10. A method as claimed in claim 7 or 8, characterised in that said transmitter (1 3, 24) comprises four of said transmit 
antenna elements (1, 2, 3, 4) and said signals transmitted over said transmit antenna elements (1, 2, 3, 4) are 
modified so as to satisfy at least approximately the equations 



55 



W3 =exp 



A 

where the complex number /7„ represents the measured channel transfer function over the nth transmit antenna 
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element and the mth receiver antenna element, M represents the total number of receiver antenna elements at 
said receiver, the complex number w„ represents the modification applied to the signals at the nth transmit antenna 
element and represents the complex conjugate of the number x. 

5 11. A method as claimed in claim 10, characterised in that values at least approximately related to W3 and are 
calculated at said receiver (14. 28) as a function of received signals and transmitted from said receiver (14. 28) to 
said transmitter (1 3. 24). 

12. A method as claimed in claim 10, wherein said receiver (14, 28) additionally comprises transmitting means (13, 
10 29) for transmitting signals over channels similar to the transmit channels of said transmitter (13, 24), and said 

transmitter (13, 24) additionally comprises receiving means (14, 25) including said transmit antenna elements (1, 
2, 3, 4) for receiving signals transmitted from said transmitting means (13, 29), characterised in that values at 
least approximately related to and are calculated at said transmitter (13, 24) as a function of the channel 
transfer function (hp hg, h ^.and of signals transmitted from said transmitting means (13. 29) to said receiving 
15 means (14, 25). 



20 



13. A method as claimed in claim 7 or 8, characterised In that said transmitter (13, 24) comprises three of said 
transmit antenna elements (1, 2, 3, 4) and said signals transmitted over said transmit antenna elements (1, 2, 3, 
4) are modified so as to satisfy at least approximately the equations 



25 



w, = W2 = 1 , and W3 = exp 



angle ^himh3m \ + nj2 



30 



where the complex number /7„^ represents the measured channel transfer function over the nth transmit antenna 
element and the nrth receiver antenna element, M represents the total number of receiver antenna elements at 
said receiver, the complex number bv„ represents the modification applied to the signals at the nth transmit antenna 
element and represents the complex conjugate of the number x. 



14. A method as claimed in claim 13, characterised in that a value at least approximately related to 1V3 is calculated 
at said receiver (14, 28) as a function of received signals and transmitted from said receiver (14, 28) to said trans- 
mitter (13, 24). 

35 

15. A method as claimed in claim 13, wherein said receiver (14. 28) additionally comprises transmitting means (13, 
29) for transmitting signals over channels similar to the transmit channels of said transmitter (1 3, 24). and said 
transmitter (13, 24) additionally comprises receiving means (14, 25) including said transmit antenna elements (1 , 
2, 3, 4) for receiving signals transmitted from said transmitting means (13, 29). characterised in that a value at 

40 least approximately related to is calculated at said transmitter (13, 24) as a function of the channel transfer 

function (h^, h ^an6 of signals transmitted from said transmitting means (13, 29) to said receiving means 
(14. 25). 



16. A method as claimed in any preceding claim, characterised In that a permutation signal Indicative of the number 
^ of permutations over time of said symbols (s^, s^, Sq, within said block is transmitted from said transmitter (13, 

24) to said receiver (14. 28) and said receiver (14, 28) is responsive to said permutation signal in the numbers of 
permutations it performs In detecting the data transmitted. 



17. A system for transmitting data by a transmit diversity wireless communication method as claimed in any preceding 
50 claim, the system comprising said transmitter (13, 24) and a plurality of said remote receivers (14, 28) 

characterised in that said transmitter (13, 24) comprises at least three of said transmit antenna elements (1 , 2, 
3, 4) and transmit encoding means (1 5. 1 6, 8, 9, 1 0, 11 ) for encoding said data in symbol blocks (1 2), the symbols 
of a block (12) being permuted between said transmit antenna elements (1. 2, 3, 4) over time with respective 
replications and complex conjugations and/or negations, so that the received signal is detectable at the receiver 
55 (14, 28) using an orthogonal detection matrix scheme, said transmit encoding means (15, 16, 8, 9, 10, 11) being 

arranged to modify signals transmitted over at least one of said transmit antenna elements (1 , 2, 3, 4) as a function 
of channel information at least approximately related to the channel transfer function (hp h^, h ^.and 114) of the 
transmitted signals. 
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18. A system as claimed in claim 17, characterised In that said receiver (14, 28) comprises means for calculating 
said channel information as a function of pilot signals received from said transmitter (13, 24) and for transmitting 
said channel information from said receiver (14, 28) to said transmitter (13, 24). 

5 19. A system as claimed in claim 17, wherein said receiver (14, 28) additionally comprises transmitting means (13, 
29) for transmitting signals over channels similar to the transmit channels of said transmitter (13. 24), and said 
transmitter (13* 24) additionally comprises receiving means (14, 25) including said transmit antenna elements (1, 
2, 3, 4) for receiving signals transmitted from said transmitting means (1 3, 29). characterised in that said transmit 
encoding means (15, 16, 8, 9, 10, 11) at said transmitter (13, 24) is responsive to the channel transfer function of 

10 pilot signals transmitted from said transmitting means (13, 29) to said receiving means (14, 25) to calculate said 

channel information. 

20. A system as claimed in any of claims 17 to 19, characterised In that said encoding means (15, 16, 8, 9, 10, 11) 
Is arranged to transmit a permutation signal indicative of the number of pemnutations over time of said syml^ols 

15 within said block and said receiver comprises detection means responsive to said permutation signal in the number 

of permutations it performs in detecting the data transmitted. 

21. A transmitter for transmitting data to a remote receiver by a transmit diversity wireless communication method as 
claimed in any of claims 1 to 1 6, 

20 characterised in that said transmitter (1 3. 24) comprises at least three of said transmit antenna elements (1,2, 

3, 4) and transmit encoding means (1 5, 1 6, 8, 9, 1 0, 1 1 ) for encoding said data In symbol blocks (12). the symbols 
(Sp Sq, S4) of a block (12) being permuted between said transmit antenna elements (1 , 2, 3, 4) over time with 
respective replications and complex conjugations and/or negations, so that the received signal is detectable at the 
receiver (14, 28) using an orthogonal detection matrix scheme, said transmit encoding means (15, 16, 8, 9, 10, 

25 11) being arranged to modify signals transmitted over at least one of said transmit antenna elements (1 , 2, 3, 4) 

as a function of channel information at least approximately related to the channel transfer function {h^, hg, h^^and 
of the transmitted signals. 

22. A transmitter as claimed in claim 21 , for transmitting data to a receiver additionally comprising transmitting means 
30 (13, 29) for transmitting signals over channels similar to the transmit channels of said transmitter (13, 24), char- 
acterised In that said transmitter (13, 24) additionally comprises receiving means (14, 25) including said transmit 
antenna elements (1,2, 3, 4) for receiving signals transmitted from said transmitting means (13, 29), said transmit 
encoding means (1 5, 1 6, 8, 9, 1 0, 1 1 ) at said transmitter (13, 24) being responsive to the channel transfer function 
{hp h 3,and ^4) of signals transmitted from said transmitting means (13. 29) to said receiving means (14, 25) 

35 to calculate said channel information. 

23. A transmitter as claimed in any of claims 21 or 22, characterised In that said encoding means (1 5, 1 6. 8, 9, 1 0, 
1 1 ) is arranged to transmit a permutation signal indicative of the number of permutations over time of said symbols 
within said block. 

40 

24. A receiver for receiving data transmitted by a transmit diversity wireless communication method as claimed in any 
of claims 1 to 1 6 from a transmitter (1 3, 24) comprising at least three of said transmit antenna elements (1 , 2, 3, 4), 
characterised in that said receiver (14. 28) comprises detection means (19, 20, 21, 31, 32) for detecting data 
encoded in symtx)l blocks (12), the symbols {Sp 53. S4) of a block (12) having been permuted between said 

45 transmit antenna elements (1 , 2, 3, 4) over time with respective replications and complex conjugations and/or 

negations, so that the received signal Is detectable at the receiver (14, 28) using an orthogonal detection matrix 
scheme, said signals transmitted over at least one of said transmit antenna elements (1, 2, 3, 4) having been 
modified as a function of channel information at least approximately related to the channel transfer function (hp 
h 3^and 774) of the transmitted signals. 

50 

25. A receiver as claimed in claim 24, characterised in that said detection means (1 9, 20, 21 , 31 . 32) at said receiver 
(14, 28) comprises means (19) for calculating said channel information as a function of signals received from said 
transmitter (13, 24) and for transmitting said channel information from said receiver (14. 28) to said transmitter 
(13, 24). 

55 

26. A receiver as claimed in claim 24 or 25. characterised in that said detection means (19, 20. 21, 31, 32) is re- 
sponsive to a permutation signal indicative of the number of permutations over time of said symbols within said 
block, and which is transmitted from said transmitter to said receiver, in the nmbers of permutations it performs In 
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detecting the data transmitted. 
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